Introduction
Testicular hypoplasia has been reported in cattle (Eriksson, 1943;  Lagerlof, 1951; Laing & Young, 1956; Humphrey & Ladds, 1975; Chenoweth & Osborne, 1978; Entwistle et al., 1980) , pigs (Hancock & Daker, 1981) and sheep (Van Rensburg, 1953) . Hypoplastic testes are smaller than normal (Roberts, 1956; Humphrey & Ladds, 1975) and show altered spermatogenic activity (Lagerlof, 1939; Laing & Young, 1956; Roberts, 1956; Humphrey & Ladds, 1975) which, in the bilaterally affected animal, leads to decreased fertility or total infertility. Normal fertility is main¬ tained in unilaterally affected animals (Roberts, 1956) . Primary causes of testicular hypoplasia are aneuploidy and other chromosomal abnormalities (Knudsen, 1961; Rieck, 1973 Rieck, , 1974 Lojda & Havrankova, 1975; Hancock & Daker, 1981) and a recessive autosomal gene with partial penetrance (Eriksson, 1943; Laing & Young, 1956) . Although histologically similar, hypoplasia of the first type is spontaneous and bilateral, whereas hypoplasia of the second type usually affects the left testis (Laing & Young, 1956; Rao et al., 1968; Maia et al., 1980; Akusu & Akpokodje, 1983) and is transmitted genetically (Lagerlof, 1951) .
Instances of natural (nonpathological) asymmetry of gonads of human fetuses (Mittwoch, 1976; Mittwoch & Mahadevaiah, 1980) , adult men (Johnson et al., 1984) , the female mountain viscacha (Pearson, 1949) and female bats (Wimsatt, 1979) have been reported and at least two pathological conditions showing asymmetrical tendencies have been reported (Posinovec, 1976; Verstoppen & Steeno, 1977; Rodriguez-Rigau et al., 1978; Pozza et al., 1983) .
The possibility that testicular hypoplasia in bulls of the Nguni breed, which has a history of genetic gonadal hypoplasia (Pretorius & Osbourn, 1979) , is linked to an anomalous vascular supply was investigated at the gross-and micro-anatomical levels in Expt 1. This hypothesis was based on a number of observations: the natural asymmetry of the vena cava and the aorta in adult mammals (Barnett et al., 1958; Romer, 1966; Hamilton & Mersman, 1972) , testicular failure resulting indirectly from the asymmetry of the testicular vein in man (Rodriguez-Rigau et al., 1978) and the vital importance of the circulation of the testis as suggested by its degree of specialization (Kirby & Harrison, 1954; Waites & Moule, 1960; Waites & Setchell, 1964; Setchell et al., 1966; Setchell, 1970; Free & Jaffe, 1972; Waites et ai, 1975; Ohtsuka, 1984; Noordhuizen-Stassen et al., 1985) .
Since anatomical anomalies were found, the testicular circulation and blood flow in the hypoplastic testis relative to the normal testis were investigated (Expt 2).
Little (numbers 7-12) . Segments of the proximal portion of the vessels, 30-40 mm, were removed, fixed and serial sectioned (250 µ ) for the purpose of model construction.
Dimensions of the blood vessels. Specimens of testicular artery and the vein proximal to the pampiniform plexus (approximately mid-way between the mid-line and the dorsal pole of the testis) from both sides of animals 1-18 were fixed, sectioned transversely (8 µ ) and stained (Ehrlich's haematoxylin and eosin). The circumference of the lumen of three non-consecutive sections was measured and used to calculate the mean diameter of the vessel. The thickness of the tunica media was measured at five positions on each of three non-consecutive sections. As the tunica externa was generally ill defined, the external diameter of the vessel was determined from measurements of the outer circumference of the easily definable tunica media. The excessive variation of diameter down the length of the testicular vein due to the presence of a varicocele precluded the meaningful estimation of the diameter of the testicular veins.
Experiment 2 Blood flow. Testicular blood flow in animals 13-18 was determined by the radioactive microsphere technique (Rudolf & Heymann, 1967; Buckberg et al., 1971; Heymann et al., 1977 
Experiment 3
Testosterone production by individual testes. Immediately after the determination of testicular blood flow (animals 13-18), testicular veins (left and right) were cannulated proximal to the pampiniform plexus such that the normal flow was not impaired as far as could be ascertained. The vein was cannulated by puncturing the vessel with an 18 gauge needle and then passing the polythene cannula (outside diameter 2-5 mm) through the puncture hole. The outside diameter of the vessel at the point of cannulation was 5-10 mm. Blood was simultaneously withdrawn from the three cannulae at 1 ml min"1 and samples (18) were collected in 4 ml fractions over 72 min. The three cannulae had the same dead space. The plasma was stored at -20°C. Total unconjugated testosterone was measured using a direct 125I double-antibody radioimmunoassay having 3-4% and 0-6% crossreaction with 5-a-dihydrotestosterone and 5-pdihydrotestosterone, respectively (Radioassay Systems Laboratories, California). The precision of the assay was determined according to Ekins et al. (1972) . Venous serum samples were diluted with steroid-free serum to bring the values within the range of the standard curve.
From the precision-dose profile, testosterone values of 1 ngml- ' had an associated error of 8% while a value of 10 ng ml" ' had an associated error of approximately 2%. The interassay coefficient of variation was 6-24%.
Statistical analysis
Correlations were determined on log-transformed data using regression analysis. Differences between regression lines were determined by covariance analysis and frequencies were tested by 2 analysis with correction for small numbers according to Campbell (1967 (Fig. 1) . The 18 animals were classified as shown in Table 1 .
Experiment 1
In five of the animals (nos 7-12), where reconstructions of the testicular vessels were studied, the left and right arteries arose separately on the aorta and immediately became closely associated with the testicular veins. In the animal no. 10, both left and right testicular arteries arose from the medially situated caudal mesenteric artery. In some instances the testicular artery branched and the frequency of branching was analysed (Table 2) . It was evident, from gross dissection and from reconstruction models, that the proximal portion of the testicular vein also showed a degree of variation. Variations observed included collateral veins, anastomosis of a small vessel, from the ipsilateral kidney or from the bladder, with the testicular vein and the site of entry of the testicular vein into the main venous trunk (Table 3) . The overall incidence of venous anomalies was significantly higher ( < 0005) on the left than on the right. The presence of a vein from the kidney converging with the testicular vein was significantly associated with ipsilateral hypoplasia (P > 0005). (Table 4) . Although the mean lumen diameter of the arteries ipsilateral to the hypoplastic testes was considerably less than that for vessels ipsilateral to normal testes, the difference was not significant. The mean external diameter of the vessel ipsilateral to hypoplastic testes was similarly lower than that for normal, and the relationship between diameter and tunica thickness, The thickness of the tunica media of the testicular veins varied widely (Table 4 ). There was no significant difference between the thickness of the vein associated with either normal or hypo¬ plastic testes, although there was a tendency for the tunica media to be thicker in those bulls with hypoplasia (not necessarily ipsilateral).
No significant correlation was found between testis mass and tunica media thickness. Thickness of the tunica media was not associated with venous branching.
Experiment 2
Blood flow was significantly less (P < 005) through hypoplastic than through normal testes (mean (±sd) 10-89 (±4-62) and 33-07 (+19-21) ml min"1, respectively) ( Table 5 ). There was no significant difference between unit blood flow values for hypoplastic and normal testes (mean ( + SD) 16-43 (±6-33) and 13-30 ( + 4-30) ml min"1 (100 g)"1 respectively). Regardless of the classi¬ fication of the testes as normal or hypoplastic, total blood flow was found to be significantly correlated with testis mass (P < 0-001, r = 0-8929) and to the diameter of the lumen of the associ¬ ated testicular artery (P < 0005, r -0-7111). Removal of the effect of diameter from the statistical model of the lumen by calculation of partial regression coefficients (see Snedecor & Cochran, 1956) resulted in a significant correlation (P < 0001) between testis mass (irrespective of classification) and total blood flow. Neither size of the testis nor the diameter of the artery correlated with unit blood flow. 
Experiment 3
The net (venous concentration minus arterial concentration) concentration of plasma testosterone in venous blood from the left and right testes was measured separately in six animals (Fig. 2) 
.
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Discussion
Classification of the testis in this study was based on testis mass since it has been shown that the procedure of testicular biopsy can lead to autoimmune destruction of the testis (Johnson, 1968; Harrison et ai, 1981; Kearney & Lewis-Jones, 1985) and because diagnosis of testicular hypoplasia in the field depends more on the size of the organ than on the histological state of the germinal epithelium. The percentage difference between testes of a pair is a useful criterion for expressing asymmetry of the testes; however, in the context of testicular hypoplasia, the index implies a normal testis and an abnormally small or hypoplastic testis, an assumption we found was not always true.
Our data indicate that the normal response to a hypoplastic testis is compensatory growth by the contralateral testis resulting in a total testicular mass for that animal similar to that for a bilaterally normal animal of similar body mass. Animals failing to show this response were classified as bilaterally hypoplastic. The relationship between testis mass and body mass was used so that the problem of using a finite cut-off point for testicular mass was avoided; this is advantageous in the light of the vast range of testis mass quoted as normal (for example 85 g quoted by Krishnalingam et al. (1982) and 293 g quoted by Robinson (1977) ). The limit of 16% for the percentage difference between testes was arbitrary and based on the 12% suggested by Lagerlof (1951) . A histological description of the testes is reported elsewhere (Kay et al., 1992) . The testicular artery in bulls is normally a single vessel, branching only at the level of the vascular cone (Setchell et al., 1966; Amann & Ganjam, 1976) . In this study, anomalous branching of this vessel and its association with hypoplasia of the testis are reported. If only animals exhibit¬ ing the more common left hypoplasia had been studied and branching of the artery was found on that side, the association could be coincidental. Most data and case reports show a left bias or refer only to hypoplasia of the left testis (Lagerlof, 1951; Galloway, 1961; Rao et al., 1968; Entwistle et al., 1980; Maia et al., 1980; Krishnalingam et al., 1982 and Akusu & Akpokodje, 1983) . However, two examples of the rare right hypoplastic testes were studied and branching of the artery to the ipsilateral kidney was still found to be associated with the affected testis. This bears a similarity to the occurrence in man of a varicocele in the right testicular vein when this vessel anomalously enters the right renal vein (Narayan et al., 1981) .
Anatomical variations were more common in the testicular vein than in the artery with a bias to the left similar to that seen in rabbits (Cameron & Snydle, 1982) and man (Narayan et al., 1981 (Comhaire & Vermeulen, 1974; Cohen et al., 1975; Zerhouni et al., 1980) . In the second instance, the demands of the small hypoplastic testis are such that the total blood supply is reduced accordingly. The relatively consistent relationship between vessel diameter and wall thickness suggests that the variation in the diameter of the lumen of the testicular artery did not result from hyperplasia of the tunica media. It would, therefore, appear that the relationship between total flow and testis size is the result of supply and demand. Blood flow is normally regulated by the metabolic demands of the organ being perfused and it could therefore be assumed that the size of the testis is the factor that dictates the volume of blood delivered to it. However, in a number of species, results suggest that the testicular artery limits the growth of the testis: Waites & Setchell (1964) found that while raising the temperature of the testes of rams resulted in an increase in the oxygen consumption of the tissue, no compensatory increase in blood flow was induced. After inducing testicular damage and a concomitant decrease in blood flow, Setchell & Galil (1983) found that although the tissue recovered histologically, neither the blood flow nor testis mass returned to normal. In a number of species, it has been shown that the testicular artery has different constrictive proper¬ ties from other arteries (Setchell et ai, 1966; Waites et al., 1975) . After hemicastration the period during which the remaining testis can demonstrate compensatory growth is limited: the older the animal, the less the compensatory response (Jenkins & Waites, 1983; Hochereau-de Reviers et al., 1984) . Lastly, Kay et al. (1992) (Amann & Ganjam, 1976; Schanbacher & Echternkamp, 1978) , rams (Lindner, 1961) and adult boars (Setchell et ai, 1983) taking into account the known fluctuating mode of secretion of testosterone (Lacroix & Pelletier, 1979; Barnes et ai, 1981 ai, 1985) . The concentration of testosterone in venous blood of the hypoplastic testis has not been reported previously. However, the values obtained in this study were similar to those for animals with normal testes e.g. bulls 78-116ngml~1 (Amann & Ganjam, 1976 ) and 40ngml~1 (Schanbacher & Echternkamp, 1978 ) and dogs 52 ng ml " ' (Eik-Nes, 1964) and rats 36-57 ng ml" ' (Free et ai, 1973) and 40 ng ml"1 (Wang et al., 1985) .
It was found that individual hypoplastic testes could secrete testosterone on a unit mass basis at a similar rate to that of the normal testis. The total testosterone secretion per testis ranged from 30 ngmin-1 (hypoplastic testis, weight 34 g) to 1721 ngmin"1 (normal testis weight 244 g). This is lower than values of 2000 and 2600 ng min~' (testis) for a normal 2-year-old Dexter bull and for a normal 10-5-month-old Shorthorn bull respectively, given by Lindner (1961) (Setchell et ai, 1966; Davis, 1990 ) this assumption may not be correct.
In conclusion, evidence of frequent anomalies in the vascular system of the testis is provided which parallels in many respects the occurrence and asymmetrical manifestation of testicular hypoplasia in Nguni bulls. Variations of the arterial system could have greater physiological consequences than variations of the venous system. Our results indicate that the hypoplastic testis is not endocrinologically inactive but in fact compares well with the normal testis with regard to release of testosterone.
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